FOCUS
R estoRation of sagittal balance has been directly linked to satisfactory postsurgical outcomes as demonstrated by health-related quality of life data after adult spinal deformity (ASD) surgery. Even mild sagittal malalignment has been associated with a decline in quality of life. 5, 7, 10 In addition, it has been shown that the severity of symptoms increases in a linear fashion with progressive sagittal malalignment. 7 Realignment objectives for sagittal plane correction independent of surgical technique have been defined as pelvic tilt (PT) < 20°, sagittal vertical axis (SVA) < 50 mm, T-1 spinopelvic inclination (T1SPI) < 0°, and lumbar lordosis (LL) = pelvic incidence (PI) ± 10°. 17 More recently, however, Lafage et al. 9 showed that these sagittal spinopelvic alignment goals vary with age. Thus, operative alignment targets should account for age, with younger patients requiring different target objectives than older patients.
Achieving realignment objectives when treating more severe kyphotic deformities has traditionally been accomplished through posterior approaches using osteotomies. Although effective in correcting relative kyphosis, these techniques are associated with prolonged operative times, neurological complications, and a high volume of blood loss. 2, 6, 8 To mitigate shortfalls associated with these conventional techniques, minimally invasive (MI) lateral lumbar interbody fusion (LLIF) with anterior longitudinal ligament (ALL) release was introduced. 2 The concept of using hyperlordotic anterior grafts with or without posterior release has been termed anterior column realignment (ACR) and has been shown to be a viable option for correction of focal sagittal plane deformity. 2, 15 In this article, we describe the technique of a wide anterior release through a retroperitoneal anterior approach for interbody fusion. ACR is not proposed to eliminate the need for posterior osteotomies, but the ACR technique may more aptly restore spinopelvic parameters and potentially reduce the need for 3-column osteotomies.
12 Recently, it has been suggested that radiographic outcomes are improved if the lumbar lordosis can be restored to anatomical segmental relationships. 11 Lower lumbar segments are the focus of a majority of anterior lumbar interbody fusion (ALIF)-ACR surgeries.
One of the limitations to the LLIF technique is the accessibility to L5-S1, which is arguably the most important site of lordosis restoration as it represents the foundation for the remainder of the spine. 11 Traditional ALIF implants offer 0°-15° of lordosis, which, if combined with posterior osteotomies, can result in greater correction. In patients who require a greater degree of lordosis, ALIF has historically been achieved using femoral ring allograft along with cutting custom angles or by using more invasive posterior-based osteotomy techniques. To date, there has only been 1 report on ALIF ACR. 16 In the current study, we aimed to evaluate the clinical and radiographic outcomes with ALIF ACR for sagittal plane spinal deformities. The aim of this study was to report both radiographic and clinical outcomes among patients who were treated with an ALIF ACR for adult sagittal plane deformity.
Methods

Study Design
A retrospective study with IRB approval was performed in 50 patients treated with ALIF ACR by 3 surgeons at 2 centers between 2013 and 2015. Patients were eligible for study inclusion if they 1) were treated for ASD with ALIF ACR, and 2) had radiographic follow-up at an average of 1 year postoperatively. In this manner, 39 patients were included, and 11 patients were excluded due to missing radiographic data. An independent observer studied patients' radiographic and clinical records. Spinal measurements were obtained at preoperative, postoperative (first visit prior to 3 months), and last follow-up time points. Demographic data included age at the time of surgery, sex, diagnosis, body mass index, and length of follow-up. Operative details included a history of prior spine surgery, prior spine fusion, level of anterior longitudinal ligament release, number of ALIF levels, cage lordotic angle, anterior screw fixation, occurrence and type of posterior osteotomy, posterior spinal fixation, cage size, ALIF-ACR levels, and length of hospital stay. In addition, we aimed to obtain the preoperative blood hemoglobin level, estimated blood loss, and operating time for both the anterior and posterior parts of the operation.
Surgical Technique
The patient was positioned supine on the operating room table. With the aid of a vascular surgeon, an anterior retroperitoneal approach was followed to the anterior lumbar spine. After confirmation of levels, an annulotomy was made. Cobb elevators were used to denude the endplates of cartilaginous material. The dissection was carried posterior to the posterior longitudinal ligament. Next the annulus dissection was carried laterally and the annulus released, followed by release of the posterior longitudinal ligament. Using a series of trials, the appropriately sized implant was selected. During this process, it is necessary to keep in mind the surgical goals to achieve realignment, allow for foraminal decompression by increasing posterior disc height, and achieve bony union. Once the preplanned implant was placed, it was secured into the vertebral body with 1 or 2 screws through an integrated fixation mechanism. The angles currently offered for the interbody device are 10°, 12°, 15°, 20°, and 30°, depending on the needs of the patient. Once the interbody was placed, final imaging was performed to determine if the alignment goals were achieved. It is crucial to examine the superior articulating process of the caudal vertebrae involved to see if the hyperlordotic angle has resulted in unintended foraminal compromise. If there is resultant stenosis, it is highly recommended that this facet be removed to allow for free passage of the nerves.
Radiographic Parameters
Radiographic parameters included pelvic tilt (PT), sacral slope (SS), pelvic incidence (PI), sagittal vertical axis (SVA), T-1 spinopelvic inclination (T1SPI), thoracic kyphosis, intradiscal angle (IDA), motion segment angle (MSA), lumbar lordosis (LL), and PI-LL mismatch measurements.
Fusion was graded utilizing the Lenke classification on plain radiographs as follows: Grade I, fusion with remodeling and trabeculae present; Grade II, intact graft with incomplete remodeling and no lucency present; Grade III, intact graft with potential lucency at the cranial or caudal end; and Grade IV, absent fusion with collapse/resorption of the graft. 4 
Outcome Measures
Outcome measures included assessing visual analog scale (VAS), Oswestry Disability Index (ODI), and Scoliosis Research Society-22 (SRS-22) scores. Complications were grouped into major and minor based on the complication classification of Schwab et al. 18 
Statistical Analysis
The Wilcoxon signed-rank test was used to assess significant differences between pre-and postoperative parameters, with significance set at p < 0.05. All statistical analyses were done using SPSS (version 23, IBM).
Results
Patient Population
A total of 39 patients (27 females and 12 males) with a mean follow-up of 13.3 ± 4.7 months (± SD; range 5-24 months) were studied. The mean age of the studied group was 66.1 ± 11.6 years (range 34-85 years). The mean body mass index was 27.3 ± 6.2 kg/m 2 (range 16-44 kg/m 2 ).
Operative Details
Nineteen (49%) of the 39 patients had undergone prior spine surgery. A total of 60 ALIF-ACR levels were treated in 39 patients (mean 1.53 levels per patient; range 1-2 levels). Eighteen patients (46%) underwent 1-level ALIF ACR and 21 patients (54%) underwent 2-level ALIF ACR. A total of 36 levels (60%) were treated at L5-S1, and 24 levels (40%) were treated at L4-5. All ALIF-ACR cages were supplemented with anterior plate or integrated fixation. Twelve (20%) of 60 ALIF-ACR levels had same-level posterior column osteotomies. Forty-four (73%) of 60 levels were treated with posterior spinal fixation in addition to their ALIF-ACR procedure, and 16 levels (27%) received standalone ALIF ACR. The mean hospital stay after ALIF ACR combined with additional single-staged or 2-staged operations was 7.2 ± 4.1 days (range 2-17 days).
Radiographic Parameters
PT, SS, and PI values were not statistically different from the preoperative to postoperative period and the preoperative to 1-year follow-up, with the exception of PT from the preoperative to 1-year follow-up (p = 0.018). SVA, T1SPI, LL, PI-LL mismatch, IDA, and MSA all improved from preoperative to postoperative and preoperative to 1-year follow-up, and the improvement was statistically significant (p < 0.05) ( Table 1) .
Fusion Grades
Thirty-seven (95%) of 39 patients had Grade I or Grade II fusion at their latest follow-up and the remaining 2 patients (5%) had Grade III or Grade IV fusion.
Outcome Measures
All outcome measures (VAS, ODI, and SRS-22 scores) improved from the preoperative to postoperative period and preoperative to 1-year follow-up, and all improvements were statistically significant ( Table 2 ).
Complications
Fourteen of 39 patients (35.9%) experienced 26 complications (major 15, minor 11). Of the 39 patients, 11 required reoperation. The most common complication was proximal junctional kyphosis (6/26, 23%) followed by vertebral body/endplate fracture (3/26, 12%). The breakdown of the complications is provided in Table 3 .
Neurological Assessment
Preoperatively, 15 of 39 patients had abnormal lowerextremity sensation, and all 15 patients had resolution in paresthesia at the final follow-up. There were 2 cases of new onset thigh and leg numbness, with 1 case resolving 
Discussion
This is a retrospective review of 39 patients treated with ALIF ACR, with a mean follow-up of 13.3 months. SVA, T1SPI, LL, PI-LL mismatch, IDA, and MSA significantly improved from pre-to postoperative and preoperative to 1-year follow-up (p < 0.05), and PT improved from preoperative to 1-year follow-up. Similarly, health-related quality of life measures (VAS, ODI, and SRS-22 scores) significantly improved at the most recent follow-up time point. Fusion grade was satisfactory at the latest follow-up, with 95% of patients being in Grades I and II.
In the only published report on the ALIF-ACR technique by Saville et al. 16 on 69 hyperlordotic cages in 41 patients, the authors showed improvement in the overall mean lumbar lordosis (from 39° to 59°, p < 0.01) and mean SVA (from 113 mm to 43 mm). The results of the current study are in line with the radiographic findings of Saville et al. The authors also reported a 20% overall complication rate. The lower complication rate in that report compared with our results might be due to the longer follow-up in our study or a more extensive consideration of complications, such as inclusion of minor medical complications. The only other available reports on the ACR technique are focused on laterally based ACR application (LLIF ACR).
Despite the perception that MI lumbar interbody fusion procedures are unable to affect segmental and regional lordosis, a literature review by Uribe et al. 20 showed that significant gains in both weighted average LL and segmental lordosis occur following MI interbody fusion. The changes in LL in the current study are in full support of the findings of Uribe et al. These results suggest that MI approaches are able to impact regional and local segmental alignment.
In another study on LLIF ACR, Murray et al. 13 showed that radiographic parameters, including LL, PT, and SVA, improved from preoperatively to the latest follow-up. Similarly, Turner et al. 19 reported improvement in LL, T1SPI, and IDA utilizing the LLIF-ACR technique. All of these radiographic outcomes are consistent with our findings with ALIF ACR. In terms of complications, Murray et al. 13 reported 1 case of retrograde ejaculation after LLIF-ACR surgery. Within our current ALIF-ACR, study there were no cases of retrograde ejaculation. Berjano et al. 3 experienced 1 case of bowel perforation in their LLIF-ACR study, and 
FIG. 2. A and B:
Preoperative AP (A) and lateral (B) radiographs obtained in a 68-year-old female patient with lumbar spondylolisthesis and thoracolumbar kyphoscoliosis. C and D: Postoperative AP and lateral radiographs obtained in the same patient who was treated with ALIF ACR at L5-S1, LLIF at L1-5, posterior fusion at T-10 to pelvis, and Smith-Petersen osteotomy at L1-3.
Akbarnia et al.
2 reported 1 case of vascular injury during anterior plate removal in their LLIF ACR. Neither of these complications occurred after ALIF ACR in our study. Most recently, Aichmair et al. 1 reported the results of single-level LLIF in 52 patients with a mean follow-up of 16.1 months (range 5-44 months). The reoperation rate in that study was 21.2% (11/52 patients). Our reoperation rate at the beginning of our learning curve for ALIF ACR was somewhat similar (28.2%, 11/39 patients).
MI techniques have been proposed to decrease morbidity associated with more conventional techniques, including posterior osteotomies. There has been some discussion that the ALIF-ACR technique might be powerful enough to replace posterior-based 3-column osteotomies. Mundis et al. 12 recently published their results comparing LLIF ACR and pedicle subtraction osteotomy, and demonstrated similar radiographic results as pedicle subtraction osteotomy in a matched cohort with significantly less estimated blood loss and similar overall complication rates. In our current study of 39 patients treated with ALIF ACR only, 12 (20%) of 60 levels were treated with additional posterior osteotomy surgery to achieve desired alignment goals. The goal of this study, however, was not to investigate this technique as a replacement of a posterior-based osteotomy, but rather as a technique that has the ability to restore the appropriate segmental alignment required to get the desired global realignment.
Finally, health-related quality of life measures have been shown to improve considerably following LLIF ACR. We found improvements similar to those of Pimenta et al., 14 following ALIF-ACR application.
There are limitations to this study. First, fusion grades were assessed on plain radiographic images because CT images were not available for all cases. Second, smoking status and bone quality score at the time of surgery might be contributory factors with respect to outcome measures and fusion results. Data related to these 2 factors were not adequately captured in this study. Future studies with larger numbers of patients and patients being treated farther along the learning curve of performing ALIF ACR will likely allow for a more precise determination of its capacity and limitations.
Conclusions
We believe that the ALIF ACR is a valuable complement to other realignment techniques for sagittal plane deformities. This is particularly true at the lower levels of the lumbar spine (L4-S1), where the direct lateral approach (LLIF ACR) might not be feasible. All improvements in radiographic parameter appeared to be similar or even superior to other ALIF-ACR and LLIF-ACR reports. ALIF ACR was sufficiently capable of significantly improving all studied health-related quality of life measures (VAS, ODI, and SRS-22 scores). ALIF ACR also has its own unique complication profile that must be carefully addressed with careful patient selection and refinement of the technique.
